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© 4. CHEMICAL REQUIREMENTS FROM ORES

The consbant utilizabion of manganese in the production of
steel is due to its exceptional qualitieso In the first place,
manganese, a8 an active de-oxidizer, extracts from the melt all the ! iy
oxygens eliminates from the steel iron oxides, and contributes pro-
duction of sound pigse In addition, manganese is an excellent de~
sulfurizer as it extracts from the melt all the gulfur which even
when present in insignificant amounts (0,02 percent) is one of the
causes of steel brittling and breaking when heated red-hote Final~- i
ly, manganese is of primary importance as an alloy constituent and
can replace, in a number of cases, more expensive and rare metals
in the production of high grade steels. Even an insignificant ad=-
dition of it 1o steel sharply increases its mechanical properties
such as hardness, forging, toughness, and resistance Lo wear, play-
ing a gremendous part in the production of rollings, band, punch-
ings, in the production of rugt-resistant, heat-resistant, struc-
fural and other grades of steels 1In other words; without manganese
the highly developed steel casting industry cannot exist, particu-
larly since all. attempts té find a readily available and cheap sube=

gtitute have not yet been successfuloe

Depending on their quality, particularly their chemical com=
position, manganese Ores utilized in the ferrous metallurgy are

used for the following purposes: 1

1, High grade manganese ores, poor in jron and phosphorus
content, are used in blast furnaces and electric furnaces to pro=
duce gtandard grades of ferro-manganese which iswed as an addit=

ion agent in the production of special grades of steels
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Silico-manganese, which is important in the manufacture of
certain grades of steel, is also produced in insignificant quantit-

iese

2, Iron-manganese Ores, depending on their manganese to iron
ratio, are used for the production of non-standard grades of ferro-
manganese, popularly known as Spiegel, and silicospiegel. ALl of
these ferrous alloys are substitutes for the high-grade alloys of
ferro-manganese used in the mamfacture of ordinary and common

grades of steel.

3, Iron-manganese Ores, relatively free of phosphorus, are
used in the production of manganese pigs (with a manganese content
of 5 to 10 percent) which are utilized as additions for the re=~car=
burization and preliminary de-oxidation of steel in order to de=-

crease the amount of ferro-manganese used for this purposces

lio Siliceous ores, poor in manganese and iron, not suitable
for the production of the above named special ferrous alloys, may
be used only as a charge in the production of ordinary pig iron
from iron ores, which contain 1ittle or no manganese. Green, rich
in manganese slags obtained during the production of ferro-manganw=

gse may also be used successfully for this purpose.

5. On the other hand, as tests have shown, calcium ores,
poor in mangenese and iron, are very valﬁable raw material being
utilized as basic manganese fluxes in the production of steel in
Martin furnacese In a nunber of cases, these ores may replace to
an appreciable degree the expensive ferro~manganese used in the

production of common grades of steel.

6, Finally, it should be pointed out that ores rich in manw

“w? o
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ganese argsed in a raw form in the production of steel, being ad-
ded at the last stage of production to increase the manganese con= ! ‘3
tent in the refined metale The most desirable ores for this pur-

pose are gelf~-fluxing ores, namely, those containing important quan-

tities of calcium oxide and magnesium oxide (type of ore originat=

ing in the Sapalsk area).

| Besides the indicated purposes, manganese is used in the prep=
aration of special rustproof and heat resistant manganese steels,

Godfield steels; structural and other steelse

In the non-ferrous metallprgy, alloys of manganese and cop=
per are of the greatest importan;e in thefarufacture of corrosion=
resistant metal reservoirs, ship propellers, other alloys with alu-
minum for the aviation industry, alloys of copper with manganese

and nickel having great electrical resistance, and otherse

The specifications of manganese ores for the production of
} ferro-manganese as well as for other alloys are dictated primarily
[ by metallurgical considerations of which the most important are

summed up as follows:

1, While iron in the presence of manganese oxides is almost E
compl?ﬁely nedu@ed-dapiﬁg-melting;”the~reducbion of manganese var- 1
""{;;‘from 75 to 50 percents (The reductlon process of manganese OX- |
; ‘ ides ‘to metal is accomplished in the lower part of the blast fur-
nace (behind the boshes)s As the coke burns and settles down, the
E. higher oxides gradually pass into a combination of lower oxldes
%k ; (MnOp = Mn203~% Mn30h—%‘Mn0). A part of manganese oxide combined
| with silica, forms a gilicate melt as may be seen from & microscop=

1¢ study of slags (in particular, the formation of tephroite MnpSiO)

;
%
i
t
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and others)e In a reaction with calcium, with the formation of
calcium silicates, the manganese is reduced to the metallic stateo
However, in the smelting of rich ores, poor in silica, the main
mass of manganese is reduced apparently with the aid of carbon ox-
ide (CO) and manganese oxide, which may also be noted under the mi=-
croscope in tephroite slags in the form of mineral manganosite (Mn0)
while in the case of poorer ores the reduction declines to ,0=35
percent, depending on the quality of the raw material (chiefly on
the silica content of the ores and the correlation of slag forming
components in the charge), on the smelting conditions necessary to
obtain a certain grade of ferro alloys, and on a series of other
causes. Only in smelting silico spiegel and siliceous manganese
rich in silica, that is, in converbting appreciable quantities of
siliceous ore into pig ironm, does the degree of reduction reach

80 to 95 percent.

Thus, in the production of manganese alloys with iron and
small quantities of silicon, the manganese losses reach 25 to 65
percent (without taking into account the loss of small particles if

the blast is strong)e

2, These losses are as follows:
In slags, where 7 to 20 percent or more of the entire man-

ganese put in the charge, depending on the quantihy‘qg_yh§‘slag,

appears in the form of manganese siticates.

Losses in the form of volatile manganese oxides leaving the
furnace with the escaping gases at high temperatures at the rate
of 12 to 20 percent or more depending on the melting temperature
(The melting temperatures of ferromanganese and splegel are between

1600 and 1700 degrees; the melting of ordinary pigs is carried out

uhﬂ

s
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at temperatures from 1350 to 1500 degrees) particularly when melt-

ing in electric furnaces, and finally,

Losses in the form of dust and small ore particles during
hard blowing. Depending on the content of dust and small partic-
les content of the ore and on the degree of friability, or rather
on the ability of the ore to withstand crushing and pulverization
in the process of moving the charge in the blast furnace, these
losses may vary from 5 to 10 percent and sometimes reach 30 per=
cent (for small grain ores)s. A more accurate picture of mangan=
ese losses of the first 2 types may be obtained from the following
data (Table 5)e

" TABLE 5
LOSSES IN MANGANESE DURING SMELTING OF SPECIAL AND COMMON PIG IRON

(in Percent)

Absorbed by

Product ‘ Volatilize pigs slags
Ferromanganese 1o 75-80  10-15
Spiegel 5 75-80  15=20
Foundry pig iron 0 70=75 25«30
Bessemer pig iron 0 60-70 30«40
Martin and Thomas Converter pig iron 0 50-60  LO~50
Foundry and converted pig iron on ‘

charcoal o ‘ L0~50  50~20

3, The presence of large quantities of silica with a low cor
tent of alkaline earths compels to add to the charge apprecisble
quanbities of limestone in order to flux the sillca and aluminum
oxide as well as to create the most favorable conditions for the re-
duetion of manganeses Conssquently, the smelting of ores richer in

ailica even with coke rich in ashes will result in obtaining large
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quantities of slag with a great loss of manganese and conversely
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with a lower extraction of metal under an unfavorable ratio of

manganese to iron., For example, calculations indicate that from

ore containing /0 percent manganese and 25 percent silica it is
possible to obtain almost twice as much metal, as from ore contain-
ing 30 percent manganese and 35 percent silica although the man-
ganese content decreased by one quarter only. It is clear from
this that it is not possible to smelt high grade manganese alloys

|
from ores very rich in silica, ]

From this point of view it is absolutely inadvisable to mix
rich ores (with a LO-5 percent manganese content) with poor ores
containing 20-25 percent manganese, as is the practice in some
mines, for increasing the weight of ores delivered to the plant,
It is fully clear that such measures, based on lack of knowledge,

are very harmful,

In addition, the metallurgicai practice also shows that in
order to combat large losses of manganese in slags, it is necessary
to observe the following conditions: (1) increase the basicity of
the slag by increasing the amounts of calcium oxide and magnesium
oxide, and (2) heat the blast to a ﬁaximum temperature (not under
800 degrees) and increase the amount of coke while maintaining the

hottest temperature in the furnace, which may be controlled by ob-

Rl e
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serving the silicon content of the metal,

Fully satisfactory smelting results are achieved with slag
having a ratio of 5102/ Ca0 = 0.8 to 0,94 TFor ores containing ap-
preciable quantities of manganese (above 10 percent) this ratio may
be reduced even to 0.7 since manganese ores have a greater fluide

ity than the purely calcareous ores.

e ' : -0 00200140011-3
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Lo The amount of manganese and iron in the obtained melt

represents 90 percent, the remainder is carbon (up to 5 to 7 per=-
cent) silicon and phosphorus. In the process, because of its al-
ﬁost complete oxidization, the iron content increases 2 to L times
(while there is a simultaneous important loss in manganese) as com-
pared with the original content in the ore (depending on how rich

the ore is in manganese).

This is easily demonstrated by the following simple calcu-
lation. (The material balance calculations for blast furnace
charges for a given final product involve complicated mathematical
and graphic methods.) Suppose we have a richer ore in lumps con-
taining 50 percent manganese and 5 percent iror. Assuming the rate
of reduction of manganese to be 75 percent and the amount of iron
and manganese in the pig iron to be 90 percent, the calculation will
show approximately the following composition of ferromanganese: Mn
about 80 percent and Fe about 10,5 percent (that is more than twice

as much as compared with the initial content in the ore)e

It is clear from this that in order to produce high quality
grades of ferromanganese the iron content of the ores must be at a
minimme The ratio of manganese to iron in the rich ores should

not be lower than 7. In extreme cases it can be reduced to 6

. (pravided #ire blast -fuxnace is in excellent working order).

S. In the smelting of special grades of ferromanganese from i
menganese ores, extreme attention must be paid to the phosphorus
content which 1ls considered as/iarmful ingredients Phosphorus, as
well as iron, during the smelting process pass into ferre alloys
if not completely at least in the amount of 95-75 percent of the

original ore contents During the smelting of steel, when ferro-

Declassified in Part - Sanitized Copy Approved for Release 2012/03/26 : CIA-RDP82-00039R000200140011-3




manganese is added, the phosphorus is almost completely absorbeds
Tnasmich as the ferromanganese, as a reducer, is added to the tank
at the very end of the steel smelting process before the steel is
poured, it is clear that the phosphorus content in ferromanganese
should not exceed established limits if the required spepial grades
of steel are to be obtained. It is also necessary to bear in mind
that the phosphorus is transmitted not only by the ores, but durig
smelting by the flux and coke cinders, which also must be of a cer-

tain standarde

The phosphorus content in ores is usually calculated not in

absolute figures but in parts of 1 percent manganesee

Tt is self evident that if the ores are subjected to a con-
centration and during this process there is a partial reduction in
phosphorus content, by the elimination of rock containing not any
metal, as it is often the case, then the limits of acceptable phos-
phorus content (as well as other ore components) should be revised

in evaluating the obtained concentratese.

With respect to the sulphur content in ores as a harmful in-
gredient, it is of no great importance in the smelting of manganese
ores inasmuch as sulphur passes on easily to the slag in the form

of MnS (Alabandite) and CaS (Olahamite)e

~ .
o
- .

If there is another harmful ingrq@;gpy_iu.xhe manganese ores

PR -
-

-= arsenic == (which is seiasm the case) it volatilizes to an impor-
tant degree with the escaping gases in the hot furnace, although

some parts are retained in ‘the pigse

6. Sometimes alloys of useful metals may be found in the man=

ganege ores, usually in insignificant quentities (cobalt, nickel,

-l -
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vanadium) which are almost fully reducible. Only vanadium partly
(up to 10,0 percent, depending upon the performance of the furnace)
passes on to the slag. IV should be borne in mind, in this con-
nection, that the addition of ferromanganese, during the convers=
ion of pig irom, is carried out in very small quantitiese There=
fore, the presence of these elements in manganese ores Or in con=-
centrates within the limits of a few hundredth or tenth parts of

1 percent will practically have no influence on the purity of the
manufactured steels. This is also applicable Lo those manganese
ores which are used as furnace charge in the production of ordin~

ary plg irone

If the ores contain coppersy this also is completely reducedo
Zinc partly passes on to the slag or is volatilized, and partly
forms a crust. Lead accurmmlabes on the bottom of the furnace and

has a harmful influence on the layern penetrating into the jointse

From the viewpoint of metallurgical economics, it is impor=
tant that manganese ores and coneentrates obtained from them should
nave a sufficiently high manganese content (or votal manganese and
jron), to be poor in silica and rich in alkaline earth components,

and finally contain a minimum quantity of phosphoruse

The requirements which the meballurgical manganese ores

must meet, depending on the purpose for which they are o be used,

may be summed up as followse

Ores for the smelting of Ferromanganese

Terromanganese of gtandard grades of all alloys of manganese
and iron is of the greatest importance in the production of steele

A high manganese content in the alloys decreases the amount of ad=

-9&'
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ditions and simplifies the process of sted production.

Tn accordance with the general standards of the Soviet Union
(GOST 805-L1) blast furnace ferromanganese is produced in 2 grades:
FM~1, FM2, each one subdivided in classes A and B depending on the

content in phosphorus (Table 6)e

TABIE 6
ELEMENT CONTENT IN FERROMANGANESE ACCORDING TO
GOST 805-41

Element Content (in percent)
Grade Silicon Manganese Phosphorus Sulphur

Class A Class B

2.00 75.1 + 0635 0oli5 0,03

2,00 7060=7540 0035 0eLi5 0.03

In addition to the above cited grades of ferromanganese, non=
standard grades of ferromanganese are produced from lower quality
manganese ores containing 50-60~70 percent manganese and up to 0.6
to 0.8 percent phosphorus. These alloys are used to a large extent

in the production of common grades of steele

With respect to silicomanganese which is used in Western BEur-
ope as a reducer in the production of soft steels, no specilal grades
have been established either in the USSR or in foreign countries.

In foreign countries alloys have been made containing 55-75 percent
manganese, 20-25 percent silica and 5-20 percent iron. As already
indicated in the smelting of silicomanganese, although important

quantities of silicon pass into the metal, the reduction of the

manganese itself ighppreciably increased. Because of this, the

percentage content in phosphorus in the alloy is much lower than

in ferromanganese produced from the same orese.
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Considering the requirements of metallurgy and the ﬁﬁa&mical—
mineralogical characteristics of common types of manganese and some
iron-manganese ores, it is necessary to distinguish the following

grades:

Grade I == with a content in the raw ores or in the concen=

trates of over 4O percent manganese and under 15 percent of silica.

Grade II — with a manganese content of LO-35 percent and sil-

ica 15-25 percent.,

It is important to break down the ores of Grade I according
to silica content: I-A with a content of Si0O2 up to 9 percent, and

I-B with a content in SiOp of 9 to 15 percent.

The ratio of manganese to iron in the ores of type I-A should

not be lower than 6=7 and for the ores of type I=-B not lower than 8-10.

The phosphorus content of rich ores should not exceed 0,0030
to 0,0035 percent of 1 percent of manganese provided the smelting
is done with coke of low phosphorus content. (At the end of the
book a table of calculations will be found (see appendix II)s) In
the production of lower quality, noﬁ-standard grades of ferroman-
ganese, 1f such are used in cases of necessity, the upper limit of
phosphorus content may be increased to 0.00L5 percent of 1 percent

of manganese.

Thus, the classification of manganese ores (or concentrates)
suitable for the production of ferromanganese generally may be

{
summed up as fogbws (Table 7)o

“ll =
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TABLE 7
REQUIREMENTS FOR MANGANESE ORES (AND CONCENTRATES)

SUITABLE FOR THE PRODUCTION OF FERROMANGANESE

Type Mn 510, Mn: Fe P

I-A over 50% up to 9% not under 6-7 up to 0.17-0020% 1 wi
I-B L40-50 9-15 " v 7-10 n n 0,1h-0.17 ‘

II 35=L0 15~25 " woo3-h wom 0,18

III 30-35 25-35 oo b non 0,15

Tt is necessary to point out that the ores of Type I in the j
above classification are earmarked for the extraction of standard
grades of ferromanganese. Ores of Types II and TII are used for
this purpose in cases of extreme necessity only, provided the iron
and phosphorus (The ratio Mn:vFe should not be lower than 12«15 and
the phosphorus content not over 0,0035 percent per 1 percent Mne )
content are very lowe 1f this is not the case these ores may be
used only as charge in the smelting of spiegel or converted and
foundry pigs from iron Ores. Ores with a high content of alkaline L
earths (oxides of calcium and magnesium) may be an exception to

the rulee

Generally, it is necessary to emphasize that the presence of
appreciable quantities of calcium and magnesium in manganese ore is
exﬁ;gvp}y_degiqablglas4ﬁhis will permit to decrease the addition of
limestone and dlomite to the charge. It should not be forgotten
that each 5 percent of calcium and magnesium oxides permit the use
of ores with a silica conbent of Ly percent above the limit. There~
fore, in sampling deposits 1t 1s necessary to test the content of

caleium and magnesium oxides in the ores. It was already indica=

ted that the best ores are gelf-fluxing ores rich in manganese and !

- 12 -
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alkaline earths but poor in phosphorus, the content of which is et

to exceed the above indicated limits, Such ores may be used in the

production of standard grades of ferromanganese. The manganese cop-

tent Tequirementg for such ores may be Lowered to 32 to 35 percent,

Such are, for example, the oreg of the Sapal deposits and some lay-
ers of silicate~carbonate ores of the USsy in deposits, Similar di-
vVergencies may be eéncountered among ordinary carbonaceoyg sedimen-

tary ores rich in phosphoruys,

bercent of manganese may be acceptable,

Ores for the Smelting of Spiegel and Silicospiegel
________,__,______,___________~__~__w-_______~___

These alloys‘;re substituteg for ferromanganese in the pro-

steel, Fop this burpose, iron manganese ores are usually used,

Spiegel, depending on the manganege content, is Produced in
3 grades, in éccordance with the Ussr standards,

Z=) with a content of 20,1-25,09 Manganese and 0,22 % phosphorqq,

- e it

Z~2 with g content of 15012050 hanganése “and 0,20 % phosphoryug

T 243 with 2 content o 102041500 manganese anq 0,1 % phosphorus f

Silicospiegel is produceq in one grade S Sch-l containing |
1840-2l4,0 bercent manganese, 9e0x13,0 silica and 0,20 Percent phoge

phorus,

T,

nlj-
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In addition to these grades, the ferrous industry is using
also non-standard grades of spiegels particularly those richer in

manganese put still 1imited as o their phosphorus contento Sile

jcospiegel maY pe used with a3 Larer content jn silica (L= percenx).

Spiegel is smelted from manganese ores rich in iron, from
which standard ferromanganese cannot be obtainede The best ores are
those containing highesbt quantities of manganese and iron and low=
est quantities of phosphoruse Various grades of spiegel may be ob~-
tained depending on the ratio of manganese yo iron in the orese
priority is given to ores richer in menganese ores containing more

silica which may be used for the produotion of silicospiegel.

Considering the composition of various types of Spiegel it
is pOSBible to give a general classification of grades of ferro=

manganese Ores suitable for this purpose (Table 8)e

TABLE 8
REQUIREMENTS FOR FERROMANGANESE ORES SUTTABLE FOR THE

PRODUCTION OF SPIEGEL AND SILICOSPlEGEL

Type Mn+Fe Mn:Fe 510, P

I 50-60% 15006 up to 15% up 1o 0,09=0018%
I 1,0=50 20068 1525 0008=0015

111 30=40 2,5=1+0 25-35 0,07=0s12

As the ratio manganese Lo iron indicates, 2 wide range of
. variations in manganese content may be encountered in ores of this
clagse The best raw material is ores of Type 1 and II with an ave=
rage manganese content not lower than 18;20 percent. The use of
ores of Type 111 for the prodnction of spiegel, particularly if
they are rich in gilica and poor in alkaline earths,should be un=

dertaken only in cases of extreme necessitye This also applies to

"l)-l"
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ores in Classes I and II poorest in manganese, particul&rly if they

contain quantities of phosphorus above the specified 1imitse If ﬁ
@

this is the case, such ores as well as ores of Type 111 may be used

only as a charge for the production of ordinary pigse

Strict demands are made on ores &S to phosphorus contente
The limit content of this harmful element in ‘ores destined for the
melting of spiegel»is established a£ 0,005 percent per 1 percent of
manganese contained in orese (Calculation tables on phosphorus
content are given at the end of the book (see Appendix 1)) This j
will explain the wide rangeé of phosphorus variation, shown in Ta= 3 ;

ble 8, for each type of oree

In naturey hoWeveT, are encountered more often manganese OY€
deposits poor in iron which are not suitable for the production of
ferromanganese, because their manganese content 1s not sufficient)y
highe such oresy provided fheir phosphorus content falls within
the limits, may be used for the production of spiegel and silico=
spiegel only with an appropriate addition of iroh ores poor in phos=
phorus and iron and steel shavings. (In the production of steel,
spiegel is to be fed in sizeable portions and therefore it is added
in liquid form in order not o disturb the smelting processe For
this purposes specia#furnaces for the gmelting of pigs are built
in the steel plants called cupola furnaces.) As in all other ca-~

e ;we _oras rich in calcium are of particular ine !

ferest and may often be found in carbonaceous varieties of orese i % .- :
With respect to ores suitable for the manufacture of spiegel,

which is less essential to the ferrous metallurgys the lack of exw i

tonsive production experience in using them for this purposes does

not yet permit Lo formulate gpecial requirementa for such oress In

-1_'5-
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s coincide with those of raw mate=-

, such requirement
xcept for the silica

general, however

itable for the production of splegel €

s case 13 not harmfule

rials su

content which in thi

Ores for the pProduction of Manganese Pigs

For these purposes manganese jron ores are used. They are

However, SOme

known deposits contain

not widely found in naturee
rather important reserves of this type of raw materiale

Manganese pigs containing 5-10 percenb of manganese destined
for the carburization and geoxidation of steel may pe smelted from
n ores for which ordinary rquirements aret

nould be LO perce

manganese iro
nt or OVerj

a. Lron content &

be Manganese content == b t0 10 percent;
co Phosphorus content =- not to exceed 0,05 percent in the

OI'€e
The strict requirements with respect to phosphorus in ores
are due to the fact that in steel production manganese pigs are fed
nd of the

into the furnace OT ladle in important quantities ab e
The phosphorus has no time to flux and is gen~

smelbing processe

erally absorbed by the steele

1ting in Martin Turnaces

Ores as pagic Fluxes for Steel Me
,_—_,~_,___._,_u..d__,_,__.,.____N.,_,___,”ﬂ_"._.

Rich in calcium manganese oress which are geldom found in
nature, are 2 very preclous raw material for the ferrous meballure=
oug- purposes: e

(B=12

nosphorus) for vari

rly ores poor in P
content of panganese

gy (particule
even with 2 low

Ag tests have indicatedy

percenx) they mAYs
n Martin furnaces;

in blast furnaces

as fluxed, replace to a large extent ferromangan-

by Mized with iron ores oOr shavings, vhey

ese 1
n of gpiegel, and

may be utilized

for the productio

.16-
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they may be obtained from ores rich in silica—silicospiegel. In

addition, their wbilization as fluxes Will probably make it pos-

sible to obtain ferromanganese from relatively poor silicomangan=

ese ores, and also manganese pigs from iron OTeSe
The requirements for these types of ores are not yeb worked

out, bubt according to existing experiences rich in calcium ores

with an B8=12 percent manganese content and aboub 0,005-0,006 per=

cent phosphorus per 1 percent manganese are of definite industrial

importancee

Recently carbonaceous 0res poor in caleium (5-X0 percent)

and richer in manganese (up o 20 percent) were bested for this

purpose at the Serov plante It was determined fhat these ores,

used in steel production in Martin furnaces, have 2 peneficial ef-~

fect on the 1iquefaction of tough slags and at the same time per-

mit a sharp reduchion in the consumpbion of ferromanganeses

Ores for ChargesS, in the Smelting of Ordinary pigs from Iron Ores

in Blast Furnaces

ps already mentioned, manganese and ferromanganese ores poor

in manganese Or rich in phosphorus are used for this purposee The

yalue of these ores 1s naturally appreciably lower compared with

ores suitable for the production of the

1f an iron ore contains close to Lo3 to 1.7 percent mangan-

ese, 1t may pe used for the

addition of manganese orese With some

with gpecial processes of steel production, a2 manganese content in

1pon ores of 0.8 o L0 percent may pe considered sufficient for

the production of ferromanganese converter plgs with 0.6-0.8-1.0

wll =
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percent Mn. However, inasmuch as the main operative deposits of

iron ores contain a lesser quantity of manganese, it is necessary

to add manganese to the furnace charge in the form of Martin slags i i
and manganese ores, or only manganese ores and green slags (depend=-
ing on the availability of such slags and the acceptable amount of

phosphorus in the melted pigs)s

Usually ores with a manganese content of 20-30 percent are
used for this purpose. This content may be lowered to 10-15 per-
cent provided it contains 15 percent or more iron. The general man-
ganese content in the ore charge (including the manganese in the
iron ore itself) should amount to 25=30 kilograms for each ton of

Pige

An iron content in these ores is generally desirable, the '

more iron, the better.

The requirements relative to phosphorus are lorered compared
with the requirements on ores used for the smelting of special pigs
inasmich as the manganese added to the charge is fed to the furnace

in loads and in the ore smelting process the phosphorus may be

fluxeds The acceptable phosphorus content in manganese ores for

these purposes is up to 0.3 percent.

A high silica content is not desirable since its scorifica-

tion not only requires additional quantities of limestone, but also ;

we++ .= * “"Péquires an additional expenditure in coke which lowers the produc-

tivity of the blast furnaces, The desirable silica content in man~

|
1]
{
é
ganese ores added to the charge should not exceed 35 percent but in g
case of necessity it may be acceptable at L5-50 percent. Ores with ;

i

a high silica content are used in the smelting of foundry plgse

wll -

/
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II. PHYSICAL REQUIREMENTS FOR ORES

The requirements as to the chemical composition of manganese
; f} ores were laid down abovee However, the physical properties also

are of great importance.

The most desirable for the ferrous industry are hard ores, b tﬁ
which do not have to be concentrated and which during processing
give lumps not containing small particles. Sﬁch ores can be eas-
ily transported and do not have any large losses during strong blast-
ing in large blast furnaces. The loading weight also depends on the
size of the ore lumps which is of importance to the ore transporba-
tione Therefore, in surveys it is necessary to establish the char=
acteristics of ores according to the size of the material. If ‘the
ores contain important quantities of small particles (under 5 mil=
1imeters) it is desirable to sift the ores in order that the smaller
parts may be compressed into bricks or agglomerated, or used in the

chemical industrye

Large pieces of manganese ore are erushed on the ore yards
near the blast furnaces into morsels of 50 to 70 millimeters in or-
der to create more fa v orable conditions for the reduction of the : ;
ore mass. 1n surveying new deposits it is extremely desirable to
indicate the degree of friability of the ores, resistance to press- i
ure and other mechanical properties which are important for the or-

ganizations planning and designing projects, concentration, and met-

allurgical plants. It is desirable that the resistance of the lumps

o Lo pressure should not be under 60 kilograms per square centimeters

Ores are subjected to concentrabion in cases where it is nec«

essary bo increase their quality, in particular, to increase the

mebal content and eliminate the parts not containing metal or reduce

' i
4 _19 - \
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the content of harmful admixturess For manganese ores, &s is also
the case for all other useful ores, the peneficiation process de-~
pends largely on the physical properties and in particular on the
structure and texture of the orese As is known, the texture and
structure of the ore components determine the necessary degree of
crushinge Therefore, in surveying deposits, special attention should
be given to the formation characteristics of the various types of

ores and an approximabe calculabion should be made on the quantita=

tive importance of the texture of the ore componentse This applles

particularly to ores composed of oolite-like concretions, ores in

their layers, etcCe

Inasmich as the products resulting from the concentration of

manganese ores &re chiefly fed into plast furnaces, it is natural

that attempts are made to employ ordinary and comparatively cheap
ore concentration methods such a8 gifting or washing of the ores,
and in the case of preliminary crushing concentration is done by
jigging machines ig order to obbtain a maxirum mmeer of large size

classes (over 5 millimeters) of preliminary concentratese HOWEVErs

if the ore is gubjected to & satisfactory preliminary concentration,
an ore deposit with particle gize of under 5 millimebers may be con~

gidered of industrial value, provided there are large reserves of

1t which will insure the work of the concentration plant for a def-

inite_§?ggy}ggble period and under favorable economic regional pre=

o -
- — o e o

requisitese

Expensive concentrabion methods of fine milling and grindiw

of the ore and subsequent flotation are used in exceptional cases,

when the deposit is large or ‘the ore cannot be subjected to a gulit~

able preliminary concentration by any other msthods True, the pow=

"2014

]
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der-like concentrate obtained by this method is of high qualiy but
it absolutely requires pressing into bricks and agglomeration. It
is desirable to prepare an agglomerate of a self-fluxing composit-
ion and add, in addition to coke, the necessary quantities of cal-

cium~-containing materials.

The porosity of the texture components (oolites, concretions,
ore layers, etc) indicates, on the one hand, a positive, and on the

other hand, a negative influence on theproperties of manganese orese

The importance of the porosity of ore components is such that
it is strongly reflected on the degree of redﬁction of manganese OxX=
ides and, consequently, on the efficiency of the blast furnace, the
time required for the processing of a charge, and fuel expenditure.
The water containing pyrolusite-psilomelane ores, namely, the pri-
mary oxides of young precipitation-deposits as well as ores of man-
ganese hats have the greatest porosity (Tchiatoursk, Polounotch and
other regions). The anhydrous hydrometallic and metamorphogenic
deposits have the lowest ore component, porosity (deposits of Sapal,

Central Khazakstan, etc)s Therefore, they are much harder to reduce.

On the other hand, the porosity of the ore greatly increases
its capacity to absorb water. The moisture content of such ores
often reaches 12-15 percent and in some types of ores of the Tchia-
tur deposits it reaches 18-25 percent. It-iz selfsevident that
this is of great importance in the transportation of the ores. A
high degree of moisture content increases appreciably the weight of
the material per cubic meter of ore, conseguently, the freight ex-
penses. In addition, the high molsture content of ore deposits lo=
cated in the northern latitudes causes them during the winter to

freeze and stick to the walls of the storage bins. Moisture also

i
{
i
+
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affects the normal loading of the blast furnace which mst work at

a low production ratee

In addition to absorbed water (moisture) the ores may also 4 ;

contain water, chemically combined with some minerals (manganite, i

psilomelane, vermadite and others)s This water may be removed by 8 s
heating to 110 degrees Centigrades In the process of heating in { -
the blast furnaces the loss of such water sharply increases poros-
ity and consequently the specific surface. This increases the re=
duction speed of manganese oxides. From this point of view the an=-
hydrous braunite-hausmannite ores, having lower qualities, have to
ic surface, which results

pe crushed in order to increase the specif

in agglomeration.

The thermal stability of ores, that is, ability to remain in
lumps at high temperatures, also influences the efficiency of the
blast furnace., More or less compact oxide and hydro-oxide mangan-=
ese ores usually withstand high temperaturese Only soft, moist ores
dry out and crumble in the heating processe This causes high los= .
ses during strong blasting, not to mention that a large amount of
small particles strongly affects the gas permeability of the charge
by creating at the blasting places passages for the non-productive ]
stream of gases and by clogging in other places the spaces between i |
the lumps of the charge. With respect to carbonaceous ores, these : :
ores are subject to strong cracking~-up andlgxumbriﬁg“iﬁ high temper= _

--o~—~w.~n,,-,...«»«-«~atureé‘as a result of the dissociation‘of carbon and large libera= i :
tion of carbon dioxide. In some cases, where it is necessary to re-
sort to preliminary oxidizing burning, the pure carbonaceous ores

practically lose their lumpiness or the strength of the lumps them-

selves is sharply weakened if admixtures of binding substances are

Decl ey R _ Froy !
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not usedo Only the opale~carbonaceous manganese ores do not change

appreciably their lumpiness during burning. The cracking of carbo-

naceous manganese ores at high temperatures mst not be considered

as an adverse factor of blast furnace efficiency since the dissocia-

tion of carbonates is carried out at high temperatures ('700-800 de=

grees Centigrade, judging by the temperature recorders). On the

contrary, when using manganese limestone and calcium-manganese ores

as basic flux in the Martin furnace, the cracking up and pulveriza=

tion of the carbonaceous substance at places of contact with the mel-

ted metal is an. extremely favorable factor contributing to the re-

duction of manganese ore to metale

The clinkering capacity, j.es, the ability of the mineral

powdered substances to form during burning nodulizing combinations

with manganese Ores, represented by hydrous=-oxides (psillomelane~

pyrolusite and manganite varieties), is found to vary considerablye

Ores represented by anhydrous minerals (braunite, hausmannite) do

not have these properties at all. Clinkering experiments made at

the Magnitogorsk Plant on ores of the Tchiatur region indicated

that, although the clinkering action is not normal (vecause of the

lump part), the obtained agglomerate, hovever, is sufficiently

gtronge Thanks to the elimination of appreciable quantities of

combined water and parts of oxygen (from the dissociation of pyro-

o T the degree of reduction of

. .lusite) the porosity and, consequently,
the agglomerated ore should increase sharply. The preparations of

gelf-fluxing agglomerates is, of course, the most rational, l.eey

with admixture of fuel and slag componentss

B. Chemical Ores

Tn the chemical industry manganese ores are used for various

“w 23w
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purposes in the production of dry electric batteries, in the pre-
paration for the same purpose of articifially activated products
from pyrolusite ores, in the glass industry for the discoloration

of green glass, in the production of chemical preparations used in
medicine, in the preparation of special anti-gases for protection
against carbon oxides, catalysts of the hopealite type for the clean~
ing of automobile engines from harmful admixtures in the exhaust
gases, in the production of drying oil, grease, WaX, in the produc=
tion of chrome leather, in photography, preparation of paints for
porcelain and glazed pottery, in the production of bromine, iodine,

etc.

For industrial chemical uses, particularly for the produc-
tion o f dry electric cells, only those of the numerous manganese
minerals are of importance which contain manganese dioxide in the
largest quantifye Such minersls include: pyrolusite minerals, of
the psilomelane and venanzite groups. The remaining hydrous oXw=
ides and oxides of manganese (manganite, braunite, heusmannite and

others) are less important for such purposes.

Among the manganese deposits containing ores rich in Ly=vas
lence manganesey suitable for the chemical industry, of most imporp
tance are the comparatively young sedimentary, stratified deposits
(of the Tchiatur deposit type) and the oxidization zones of the de-
posits, regardless of their genetic type. For these industries in
which the superficiél energy of the mass is used, the fully oxidized

manganese ores are particularly valuable (in particular the so=-called

black belts of the Tchiatur deposits), having an unusual%m'tﬁi;’cov—

ered crystalline porous mass of pyrolusite of low consistency.

Of all the above named chemical uses the production of dry=

.2l
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cells assumed the greatest importance in the past 25 yeal'Sy especi-

2lly in connection with the development of radio technologye Tests

carried out in the past years have shown fhat the content in M0y in

the ore used for these purposes is not critically imporhant as the

depolarization depends on the deoomposition speed of the manganese

dioxide which,apparenbly, 1s related Lo the degree of dispersion of

the maberial usedo

Pyrolusite ores are used advantageously for these purposese

The requirements for ores used in the production of dry electric bat=

yeries are generally ag follows:

1. The content of manganese dioxide is not fo be lower than

80 percent, {.80y iD yerms of metallic manganese content not under

50 percent}

2, Iron conbenb 18 not te exceed 3 percent;

3o Calcium is acceptable up to 2-3‘percent;

Lo Soluble combinablons of cdbalt, nickel and arsenic are

considered 28 extremely harmful clemenbed and only graces of these

elements are sccepbablee

g, Copper content 18 not to exceed 002 percent.

silica and phosphorus nhave NO substantial jmportances Sime

1larly, tnere are NO special reqpiremenhs as to the physical prop-

erties of the oresde For this purpose gmall grain conoentrates, which

are sometimes obtained in important quantities during the concentra=

tion of meﬁéllic.orgs, may 8180 be used successfully.

-25-1
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